Cellular and organismal iron storage depends on the function of the ferritin protein complex in insects and mammals alike. In the central nervous system of insects, the distribution and relevance of ferritin remain unclear, though ferritin has been implicated in Drosophila models of Alzheimers' and Parkinsons' disease and in Aluminum-induced neurodegeneration. Here we show that transgene-derived expression of ferritin subunits in glial cells of Drosophila melanogaster causes a late-onset behavioral decline, characterized by loss of circadian rhythms in constant darkness and impairment of elicited locomotor responses. Anatomical analysis of the affected brains revealed crystalline inclusions of iron-loaded ferritin in a subpopulation of glial cells but not significant neurodegeneration. Although transgene-induced glial ferritin expression was well tolerated throughout development and in young flies, it turned disadvantageous at older age. The flies we characterize in this report contribute to the study of ferritin in the Drosophila brain and can be used to assess the contribution of glial iron metabolism in neurodegenerative models of disease.
Introduction
Iron is implicated in the pathologies of disorders such as Alzheimer's and Parkinson's diseases potentially via the function of numerous iron-containing enzymes, but also in its labile form by catalyzing the formation of reactive oxygen species and the propagation of lipid peroxidation reactions (Zecca et al., 2004) . Furthermore, defects in several human iron metabolism genes lead to heritable neurodegenerative pathologies (Gregory et al., 2009; McNeill et al., 2008; Rouault and Tong, 2008) . Mutations in ferritin light chain gene cause a dominant adult-onset basal ganglia disease, termed neuroferritinopathy (Curtis et al., 2001; Levi et al., 2005; Vidal et al., 2008) . In addition, mutation in the iron responsive element (Hentze et al., 1987) of the ferritin light chain gene leads to crystalline inclusions of ferritin in the human lens causing cataracts (Beaumont et al., 1995) . Neuronal ferritin overexpression has been associated with beneficial effects attributed to either protection from metalinduced oxidative stress (Zhu et al., 2009) , or participation in intracellular trafficking by modulating endogenous opioid signaling (Sengupta et al., 2009 ), but also with detrimental phenotypes in mammalian models of neurodegeneration (Kaur et al., 2009; LaVaute et al., 2001) . Maintenance of metal homeostasis in the brain is essential for neuronal health and a critical component in the development of therapeutic strategies against neurodegenerative disease (Crouch et al., 2009; Ghosh et al., 2008; Madsen and Gitlin, 2007; Molina-Holgado et al., 2007) .
Numerous Drosophila models of human neurodegenerative disorders were developed in recent years because they can be subjected to genetic (Clark et al., 2006; Fernandez-Funez et al., 2000; Mollereau, 2009; Park et al., 2006) and pharmacological analysis (Apostol et al., 2003; Outeiro et al., 2007; Rana et al., 2010; Tain et al., 2009) . Oxidative stress was shown to mediate toxicity in fly models of Parkinson's disease (Faust et al., 2009; Meulener et al., 2006; Wang et al., 2006; Whitworth et al., 2005; Yang et al., 2005 ), Alzheimer's disease (Dias-Santagata et al., 2007; Rival et al., 2009) , lysosomal storage disease (Sweeney, 2008; Venkatachalam et al., 2008) , and in the fly model of Friedreich's ataxia, a condition associated with mitochondrial iron overload (Anderson et al., 2008; Llorens et al., 2007; Navarro et al., 2010; Runko et al., 2008) . The fly model of Pantothenate kinase associated neurodegeneration (Bosveld et al., 2008; Rana et al., 2010; Wu et al., 2009 ), a human disorder resulting in iron accumulation in the globus pallidus (Zhou et al., 2001) , has not yet been used to address why and how iron accumulates predominantly in specific brain regions, but was shown instead to accumulate high amounts of zinc (Gutierrez et al., 2010) . Neurobiology of Disease 43 (2011) 213-219 
